discovered against Scurvie to be drunke at all times. .. . .2 It would appear that the prevention and cure of maritime scurvy by lemon juice was extensively practised some time before Lind's classical experiment in the mid-eighteenth century.3 And although there are grounds for doubting the efficacy of some of Lind's "preserved" sources of vitamin C4 there can be little doubt that his experimentally-based advocacy of fresh lemon juice placed the seal of scientific approval on what had hitherto been an empirically-based practice.
Our present knowledge of the biochemistry of vitamin C and of its half-life in the body is consonant with the appearance of scurvy after four to five months at sea and with its cure by the amounts of lemon juice advocated by Lind.s The historical emergence of maritime scurvy was clear and sudden, associated with (and a necessary consequence of) the acquisition by man of skills and knowledge that allowed him to remain at sea for periods of months rather than days. And its demise may be equally clearly delineated. By the early nineteenth century the cure of scurvy amongst sailors was no longer a problem-as witnessed, for example, in 1848 by Turnbull's almost monotonously sucessful treatment of scorbutic sailors arriving at Liverpool simply by providing them each with two lemons daily-a most elegant vindication of Lind's pioneer study.6
The story of scurvy amongst non-seafaring people-the so-called "land-scurvy"-, however, follows a somewhat different pattern. When Woodall extolled the virtues of lemon juice as a cure for scurvy at sea, he carefully contrasted its value with that of the traditional "antiscorbutic" plants "namely Scurvy-grasse, Horse reddish roots, Nasturtia Aquatica, Wormwood, Sorrell and many other good meanes" whose value extended, however, "only to the Cure ofthose which live at home ... ".7 Lind was later to show that in the previous century Ronsseus (Beaudouin Ronsse) had already made a similar distinction between the use of oranges by seamen on long voyages and the dependence of ordinary land-dwellers on what were to emerge as the traditional antiscorbutics, Cochlearia, Nasturtium, and Beccabunga.8
The development of this disparate therapeutic pattern paralleled, and bore a simple conceptual relationship to, the belief that two forms of scurvy existed-sea scurvy and land scurvy. Land scurvy was held to be "cold" and "acid" and thus required "hot" antiscorbutic herbs such as the various members of the Cruciferae as a counteracting agent, whereas sea (or muriatic) scurvy was characterized as "alkaline" and "hot" and could be treated with "cooling" foods and medicines.9 Edward Strother was quite clear on this point when he wrote that the "Diet of Scorbuticks is never uniform, but must be govern'd by the Knowledge of the State of Juices then reigning. .. .. 10 So too, John Arbuthnot, in his Essay concerning the nature ofaliments (1756) in discussing the cure of the "muriatick scurvy", "common among Mariners", advocated the avoidance of "the hot Antiscorbuticks of the Mustard Kind"."
Lind, in the third chapter of his Treatise, argued convincingly against this assumption that two or more forms of the disease existed.'2 Nevertheless, the belief that different forms of scurvy existed, with respectively appropriate therapies, persisted for some centuries and is one of the more interesting aspects of the history of the disease. Citrus fruits, the proven remedy for sea scurvy, did not figure prominently in the therapy advocated for "land scurvy", the treatment of which almost invariably included at least one preparation made from the "antiscorbutic" plants.
Authors differed in the list of plants that they placed in the "antiscorbutic" category, William Turner's Herbal (1568) heralded a new era. Turner admitted to a difficulty in distinguishing "brooklyme" from "sea porcelline"-"I dout which of these two I should take for the right Cepea" (Cepea = Veronica beccabunga)-and the heavily serrated leaves of his diagram of "brooklyme" underlines his confusion. Nevertheless, his book contained what must be one of the earliest references to scurvy in a British herbal.
... I have proved it my selfe by experience that brooklyme is very good for a decease that reigneth much in Freselad called the Scourbuch. I sod the herbe in butter milke, the cheese and butter taken away, and gave the patientes it so.16 -a statement which also implies that scurvy was either comparatively rare or unrecognized in Britain at that time. A few years later, L'Obel and Pena referred to the antiscorbutic powers of the cresses, of scurvy grass and of brooklime; more significantly, and possibly for the first time in a herbal, they linked the three together as a cure for scurvy. presented primarily as an antiscorbutic agent ("Malo, quod Scorbuck Germania nuncupat, efficaciter medetur, in lacte aut vino decocta . . . ") and there is a revealing reference to the apparently recent emergence of scurvy grass as a plant of medical significance ("veteribus ni fallor incognita").20 Gerard, whose herbal was largely a re-presentation of Dodonaeus' Stirpium historiae, added nothing new about the antiscorbutics.21 An important factor in the ascendancy of the "antiscorbutics" would appear to be the increased need for official remedies\ elicited by an apparently sudden and puzzling increase of a condition described as scurvy amongst the non-seafaring population of Britain in the first half of the seventeenth century. The evidence for this is substantial. Marchmont Nedham, in his Medela medicinae (1665), had no doubt that scurvy was on the increase and in support of his thesis quoted the increase in the Bills of Mortality deaths from scurvy, from 5 in 1630 to over 100 in 1656. Nedham argued that scurvy had changed its form "from what it was in former days, and become every jot as Universal... ". no evidence of any correspondingly sudden dietary changes during the same period. It is possible, but unlikely, that they represented improved diagnosis of an already existent condition; but the most probable explanation is that scurvy or "the scorbute" suddenly became a convenient nosological safety net for the not inconsiderable diagnostic failures of the period-a practice that apparently continued well into the eighteenth century and beyond.
It is yet a suficient Answer to Patients when they enquire into their ailments to give this Return to a troublesome Enquirer, that their Disease is the Scurvy, they rest satisfied that they are devoured with a Complication of bad Symptoms ....
wrote Edward Strother in 1725;26 and at the end of the century Sir John Hill placed on the title page of his The power ofthe water dock against the scurvy a quotation from Mattioli, "If any one is ill, and knows not his Disease, Let him suspect the Scurvy."27
Whatever the true explanation, there can be little doubt that reports of conditions described as scurvy increased considerably during the seventeenth century. Correspondingly, the use of the antiscorbutics in preparations for the treatment of such conditions received a fresh impetus. Their reputation was considerably enhanced and by the end of the century they were firmly established in the medical and herbal literature. John Ray was so convinced of the therapeutic efficacy of the antiscorbutics that he regarded their distribution, and in particular, the occurrence of Cochlearia in scurvy-afflicted areas, as Providential and included this as an argument in his natural theology compilation The wisdom of God manifested in the works of the Creation: Predictably, there are available a substantial number of reports describing the use of preparations of the antiscorbutic herbs for the cure of "scurvy". Clinically defined scurvy (avitaminosis C) however, would be curable only by preparations containing an adequate amount of ascorbic acid (vitamin C). An examination of the vitamin C content of these "successful" antiscorbutic preparations by providing information about the potential usefulness of the antiscorbutic herbs in the treatment of scurvy comment under his entry for Cochlearia, which reads: "lhwylys rhagorol y iachau'r scorbut-clefyt newydd" ("spoonwort excellent for the cure of the scorbute-a new disease"). would indicate whether the conditions successfully treated were in fact cases of true scurvy.
THE VITAMIN C CONTENT OF ANTISCORBUTICS AND MEDICINES PREPARED FROM THEM
Its popular English name (scurvy grass) has alone ensured that Cochlearia has pride of place amongst the antiscorbutic herbs and the reports from different parts of the world of the empirical discovery of its therapeutic virtue by scorbutic sailors on reaching terra firma are familiar features of the folk-lore of scurvy. Cook's journals of the voyages of the Endeavour and of the Resolution and the Discovery, from 1776 to 1780, reveal his almost pathological preoccupation with gathering large amounts of what he regarded (not always correctly) as scurvy grass whenever a landing provided an opportunity for this. And the antiscorbutics provided the basis of a wide range of antiscorbutic extracts, syrups, and juices until well into the nineteenth century.
It is now an established scientific fact that scurvy (avitaminosis C) results from a failure to ingest adequate amounts of vitamin C (ascorbic acid); the body stores of the vitamin will last for some weeks after which period, unless there is an intake of ascorbic acid, scurvy inexorably develops. A daily intake of as little as 10 mg will prevent the emergence of frank scurvy but the recommended daily allowance (RDA) in the United Kingdom is currently set at 30 mg.29 Vitamin C is present primarily in plants and the usual dietary sources are citrus fruits, leafy vegetables, and potatoes. The anti-scorbutic (scurvy-preventing or -curing) powers of any plant or plant preparation will therefore be a direct reflection of its content of vitamin C. And the three antiscorbutics score poorly in this respect (see table) . Scurvy grass itself is a comparatively poor source of vitamin C. The reported mean vitamin C content of 100 g of the fresh leaves is within the range 50-85 mg with a mean value of 63. This is little more than a third of the mean value for 213 Angiosperm species analysed and only a fifth of the mean value of 41 woody (trees and shrubs) species analysed (table). Had the scorbutic sailors who discovered the "virtues" of scurvy grass deliberately set out to select a plant low in ascorbic acid, they could scarcely have done better.30 Samples of Primula vulgaris (primrose), taken on Sully Island on the south Glamorgan coast of Wales contained over ten times as much vitamin C as scurvy grass from a neighbouring site.31
Certainly raw scurvy grass (or the leaves of virtually any other known Angiosperm for that matter), if taken in sufficient quantities, could provide sufficient vitamin C to protect against scurvy. However, a daily intake of 30 mg (the RDA) would require the daily consumption of some two ounces of stalk-free leaves-or, for a ship with a complement of 100 (as in James Cook's celebrated voyages), some 80 lbs of leaf weekly-a not insubstantial amount of a plant not always easily available and with a comparatively short half-life in the picked form. Whether or not scurvy grass made an important contribution to the prevention of scurvy on Cook's voyages is difficult to determine as Cook provided his crew with such a wide range of vegetables and fruit.
But it was in the preparations of the herbalists and the medical practioners that the antiscorbutics were most widely used. By the mid-seventeenth century a wide range of preparations was available for the treatment of scurvy, by then, as indicated above, held to be of widespread occurrence. The medical texts of the period are replete with accounts of successful cures of scurvy but a simple inspection of many of them reveals that they could in no way have effected a cure as they must have been completely devoid of any vitamin C. This is true of a large proportion of the "cures"" reported by John Hall in 1657, for example his use of preparations based on snail water and frog spawn water to treat a female patient.32 Similarly impossible "cures" were recorded by William Salmon in 1687 and by Martin Lister in 1696. 33 Somewhat more plausible are the many preparations based on the antiscorbutic triumvirate-scurvy grass, brooklime, and water cress. In the notes that follow, the 30 There is some evidence that maritime plants are in general poorer sources of vitamin C than non-maritime ones. The mean vitamin C concentration of eleven species of halophytes analysed was 78-0 mg/100 g-considerably lower than the overall value of 213 for Angiosperms in general. This information was kindly supplied by Dr P. Adam of the School of Botany at the University of New South Wales.
31 Eleri Jones and R. E. Hughes, 'Foliar ascorbic acid in some Angiosperms', Phytochemistry 1983, 22: 2493-9, 23: 2366-7. The belief that scurvy grass is a potent source of vitamin C is a peculiarly persistent one; in 1987 a reviewer described it as "perhaps the single richest source, by weight, of ascorbic acid to be found in nature" (A. S. Verdesca, New Engl. J. Med., 1987, 310: 224 There is some difficulty in quantifying the somewhat imprecise instructions of the seventeenth century, e.g., in determining what exactly constituted a "handful" of scurvy grass or of brooklime, but in general the preparative instructions were followed as closely as possible. Ascorbic acid (vitamin C) was extracted from the various preparations with 10 per cent metaphosphoric acid and determined by spectrophotometric adaptation of the indophenol dye method.37
Juice of brooklime or of scurvy grass (succus cochlearia) This was frequently used in the treatment of scurvy, sometimes in the "raw" form and sometimes after conversion into a more elaborate preparation. It was usually produced by simple expression of the juice in a mortar. "[H]ae virides in mortario lapideo cum pistillo ligneo condundentur experimentura" were Wierus's instructions, which Puw adapted as "These Hearbes Green Must Bee Beaten in a Mortar-with a wooden pestle, Then strained."38 Using this method of preparation, 100 ml of juice were obtained from 140 g of fresh foliage of scurvy grass.
The vitamin C content of juice so prepared was 1 2 mg per 100 ml and for a corresponding sample of brooklime juice the value was 1 -0; these values indicate an almost complete loss of vitamin C during the preparation of the juice (cf. table). This loss presumably occurred because of oxidation of the ascorbic acid on exposure to atmospheric oxygen and would be enhanced by contact with the enzyme ascorbic acid oxidase which is of widespread distribution in the plant kingdom and would be liberated on maceration of the tissues. The presence of the enzyme was confirmed in 34 Reprinted in Joseph a supplementary experiment where the loss of vitamin C from 100 ml of a buffered solution (pH 7 0) was more than doubled on addition of 5 ml of the scurvy-grass juice.
Expressed juices of antiscorbutic plants thus lose almost all of their vitamin C within a matter of minutes of preparation and would be of little value in the treatment of scurvy. Eugalenus (1658) and Thomas Willis (1682) were among the strongest advocates of the use of the antiscorbutic juices in the treatment of scurvy39 but their advocacy could in no way have been based on practical experience of the successful treatment of scurvy. By the same token, any preparations made from the expressed juices would have been equally ineffective.
Syrup Foresti ('Forestus, his syrup'; 'syr. sceletyrb. Foresti') This was prepared as described by Sennert in his Practical physick (1624):40 "Take the juice of Scurvygrass and Brooklime of each three pints with two pounds of the best sugar, boil them together according to Art and make a syrup." The syrup was accordingly prepared by boiling 7 ml scurvy grass juice with 7 ml brooklime juice and 3-74 g sugar. The brown colour of the resulting syrup made subsequent analysis difficult but no vitamin C could be detected (and in the light of the results outlined above, none would be expected). This syrup was widely used in the seventeenth and eighteenth centuries for the treatment (and reported cure) of scurvy. Puw referred to it and Willis included a number of similarly-constituted syrups in his Tractatus ... de scorbuto (1682); they would all have been equally ineffective against the scurvy. Scorbutick beer Hall successfully treated the Countess of Northampton and other scorbutic sufferers using this preparation.41 A sample was prepared to accord with Hall's instructions, by boiling 2 1 g scurvy grass, 1 2 g water cress, 1-1 g brooklime, 0-5 g speedwell and 0O5 g fumitory leaves with 500 ml freshly brewed beer42 until the volume was reduced to 400 ml. A muslin bag containing mace, aniseed, and fennel seed was suspended in the preparation until it had cooled. The vitamin C content was measured as indicated above and none was found to be present.
Water against the scurvy This was another remedy used by Hall. Two grams of sarsparilla root were placed in 500 ml water and left for 12 hours. Scurvy grass (3 3 g), brooklime (1 7 g), and water cress (1I7 g) were added, together with a few currants, and the mixture boiled until the volume was reduced to 335 ml. The vitamin C content was determined; no vitamin C was present.
Scurvy suffering from scurvy. A sample was prepared as described by Clowes by bruising 60 g scurvy grass (vitamin C content, 42 mg) in a mortar and adding 250 ml beer. A small bag containing cinnamon, pepper, and ginger was suspended in the preparation which was then left for 2 days. It was found to contain 5 30 mg vitamin C, which had decreased to 3-63 mg a week later. A patient drinking a litre of Clowe's freshly-prepared scurvy-grass beer daily would receive just over 20 mg of the vitamin, which would possibly be just sufficient to cure him/her of scurvy.
Thus, of the five remedies examined only one-the scurvy-grass beer-contained measurable amounts of vitamin C, and even here some 80 per cent of the original vitamin C content was lost during preparation of the sample. In the light of our current knowledge of the stability of vitamin C these results are not unexpected. Vitamin C is a highly labile and easily oxidizable molecule. Boiling at a non-acid pH rapidly destroys it. The preparation of scurvy-grass beeer, which retained some of its vitamin C, did not involve a boiling stage; again, certain plant "secondary metabolites" such as the tannins, are known to preserve vitamin C against oxidation breakdown43 and it is probable that the tannin content of the beer had a protective role in this respect. In general, however, fermented drinks would not be expected to contain substantial amounts of vitamin C despite the promotion of their antiscorbutic efficacy in medical texts.44
The widespread advocacy of preparations of the antiscorbutic herbs in the seventeenth and eighteenth centuries may be contrasted with the comparative neglect of lemon and orange juice as antiscorbtics, and this despite their long-established and successful use of the latter in the treatment of scurvy at sea. Expressed lemon juice still contains about half of its vitamin C content a week after its preparation, in contrast to the juice of scurvy grass and brooklime, from which virtually all the vitamin C is lost on preparation. 45 Variations of the "antiscorbutic" preparations appeared in the formularies, both official and unofficial, for some time. The "Cerevisia Scorbutica Extemporanea" and the "Succi Scorbutici", described by Quincy in 1730, were little more than modifications of the sixteenth-century formulations. 45The vitamin C content of a sample of lemon juice (pH 1 6) decreased from 56 mg/100 ml to 22 mg/I 00 ml after 7 days (a retention of 39 per cent); the corresponding values of fresh orange juice (pH 2-9) were 35 initially and 18 after 7 days (a retention of 51 per cent): R. E. Hughes, unpublished work. The retention of the vitamin C in the citrus juices is in clear contrast with the almost immediate loss from the juices of the antiscorbutic herbs and may be attributed to (i) a greater initial concentration of vitamin C, (ii) greater acidity, and (iii) the presence in citrus fruit juices of such vitamin C-protective compounds as bioflavonoids. 46J underlined by Thornton eighty years later when he wrote that the "orange juice is an excellent assistant to the scurvy-grass, and other acrid antiscorbutics, which, when thus mixed, have been found by experience to produce much better effects than when employed by themselves."47 By this time, however, the reputation of the antiscorbutics was on the wane. Of Veronica beccabunga Thompson's London Dispensatory pronounced in 181 1, "Although brook-lime was formerly considered a good antiscorbutic, yet it is properly disregarded by modern practitioners."48 In 1820
Hall pointed out that "Three most distinguished writers (Bateman, Blane and Heberden) had separately opined that 'Scorbutus or Scurvy' is now unknown in London, or nearly."49 The demise of the antiscorbutics followed soon afterwards and coincided with the official acknowledgement that "Scorbutus ... pellagra ... beri beri ... when they occur in England appear only sporadically".50
The three "antiscorbutics" that reigned unchallenged in the herbals and pharmaceutical compilations for some two centuries are amongst the least rich Angiosperm sources of vitamin C, and their vitamin C content is completely destroyed in the preparation both of their juices and of the other traditional forms in which they were administered. By the same token, "scorbutic" patients successfully cured by practitioners using these treatments could not in reality have been suffering from true scurvy. Carpenter has succinctly summarized the rise and fall of "land scurvy" in Britain and has indicated that when it occurred after 1800 this was either a result of a significant shift in the dietary pattern (with the potato content as the main determinant) or of defective dietary planning and distribution on an institutional scale, as in the outbreaks of the disease in prisons and hospitals.5' He reminds us that in 1820 Hall raised the question whether the earlier widespread reports of "scorbutus" referred in fact to the same disease. 52 The results of the analyses reported in this paper, coupled with the doubts expressed by some practitioners from the period, support these opinions and force one to the conclusion that clinically-defined scurvy amongst the land population in Britain in the sixteenth and seventeenth centuries was probably a much less common disease than a reading of contemporary medical texts would sometimes lead us to believe. By the same token "scurvy" became one of the most widely-misused of all medical terms.
The position and status of the three "antiscorbutic herbs" are of interest in this respect. It -would appear that their entry into, and retention by, the medical literature, was a reflection as much of a priori influences related to early thoughts on the nature of "land-scurvy" as of any genuine therapeutic value based on observation.
